We describe a rarely encountered case of coexisting bilateral multicanal benign paroxysmal positional vertigo (BPPV) and vestibular schwannoma in a 56-year-old woman. The patient had presented with a 10-year history of dizziness and imbalance, and her vestibular fi ndings were perplexing. We decided on a working diagnosis of BPPV and began treatment. After several months of canalith repositioning maneuvers had failed to resolve her symptoms, we obtained magnetic resonance imaging, which revealed the presence of the vestibular schwannoma. This case serves as a reminder of the importance of differentiating between central and peripheral vestibular disorders, as well as central and anterior canal BPPV-induced down-beating nystagmus in order to establish the correct diagnosis and initiate appropriate treatment.
Introduction
Benign paroxysmal positional vertigo (BPPV) is the most common type of peripheral vestibular dysfunction. 1 Dix and Hallpike described six common characteristics of BPPV:
• BPPV is provoked by a critical head position. • There is a brief period of latency before the onset of nystagmus. • The duration of episodes is limited. • Rotatory nystagmus is characteristic. • Nystagmus is reversed on returning to an erect position. • Nystagmus fatigues. 2 Most cases of BPPV are idiopathic in nature, although it has been known to occur in patients with Ménière disease, viral neuritis, labyrinthitis, vestibular schwannoma, and vertebrobasilar ischemia. 3, 4 Other cases have occurred following head and neck trauma, middle ear surgery, and prolonged bed rest. 3, 4 BPPV usually originates in the posterior semicircular canal; it occurs in other semicircular canals, as well. Detecting variations in eye movements and assessing the success or failure of treatment in such cases depend on the clinician's ability to correlate the gravity vector associated with the provoking head movement or position and the plane of the induced eye movements with the plane of the semicircular canals. 5 In rare cases, BPPV occurs secondary to or coexistent with a vestibular schwannoma. A patient with both conditions may present with perplexing central and/or peripheral vestibular signs and symptoms. The existence of BPPV is confi rmed by verifying the presence of its characteristics as described by Dix and Hallpike 2 and by noting a resolution of symptoms with the canalith repositioning maneuver.
We present a case of bilateral multicanal BPPV coexisting with a vestibular schwannoma, and we discuss the perplexing vestibular fi ndings.
her to drop to her knees. As these episodes recurred over the next decade, she began to notice two distinct sets of symptoms. In one circumstance, she experienced a constant feeling of head and neck fullness, which she described as "waves." At other times, she experienced transient episodic positional vertigo, primarily when she turned to the left in bed.
The patient had been previously evaluated by a local neurologist and otolaryngologist, and she had been diagnosed with BPPV. She had been instructed in how to perform the Semont liberatory repositioning maneuver and had been told that she would get better over time if she practiced it when her symptoms manifested. In addition, she reported that a magnetic resonance imaging (MRI) scan obtained 6 years prior to her referral had been negative.
During our evaluation, the patient denied audiologic symptoms, diplopia, dysarthria, dysphagia, and other sensory motor disturbances. Indeed, an audiometric assessment revealed normal hearing, acoustic refl exes, and speech discrimination bilaterally. A full vestibular evaluation-including videonystagmography during standard ocular motor tests, Dix-Hallpike maneuvers, and bithermal caloric testing; rotatory testing; vestibular evoked myogenic potentials testing; and computerized dynamic posturography (CDP)-was completed. The results were remarkable for possible (subtle) disconjugate eye movements on ocular motor testing, a positive left Dix-Hallpike test, a modest (4° to 7°) direction-changing positional nystagmus, and a vestibular defi cit pattern on the sensory organization test portion of the CDP. Findings on the remainder of the vestibular assessment battery were within normal limits. The evaluating neurotologist declared a fi nal diagnosis of left posterior canal BPPV and a subtle ocular motor defi ciency of unknown signifi cance. The neurotologist's treatment plan included the canalith repositioning maneuver with the possibility of further evaluation in the neurology department if no improvement was noted.
The patient was sent to the audiology unit for canalith repositioning. During the fi rst session, the initial left Dix-Hallpike test revealed an appropriate counterclockwise (CCW) nystagmus with a brief latency delay, crescendo, and gradual diminishment-fi ndings that indicated a left posterior canal BPPV. (In this article, all eye movements are described from the perspective of the patient, and they indicate the quick phase of the eye movement.) A left head roll provoked horizontal nystagmus, which was consistent with a left horizontal canal BPPV. During repositioning maneuvers that targeted the left posterior canal, transient down-beating nystagmus was observed.
This was interpreted as possible evidence of a left anterior canal conversion during the fi rst repositioning maneuver. A reversed Epley maneuver 5 followed by a repeat standard Epley maneuver was performed, and the patient became very nauseous; further repositioning was stopped.
The patient returned the following day for repeat repositioning maneuvers. The initial left Dix-Hallpike test provoked a transient CCW nystagmus that lasted approximately 15 seconds. Following fatiguing of the initial nystagmus, a clockwise (CW) nystagmus with a down-beating component developed. The reversal nystagmus was similar in duration and strength to the initial nystagmus. A repeat left Dix-Hallpike test provoked CCW nystagmus with no reversal nystagmus. No reversal nystagmus had been witnessed the day before. A right Dix-Hallpike test provoked CW nystagmus with a down-beating component; head rolls to both sides were negative. Based on these fi ndings, we considered bilateral multicanal BPPV with involvement of the right anterior and left posterior canals. The left posterior canal was targeted for repositioning maneuvers because it evoked the stronger response, and many authors have suggested that Epley repositioning maneuvers may address both canals. 1, 6 The patient's positional vertigo appeared to resolve following these repositioning efforts.
The patient was seen several times over the next few weeks. She reported that she would be asymptomatic for a few days, but her positional vertigo would recur intermittently. The results of periodic testing were similar at each visit. The initial left Dix-Hallpike maneuver provoked the classic presentation of left posterior canal BPPV, occasionally followed by reversal nystagmus while the patient was still in the left Dix-Hallpike position. This reversal nystagmus with a down-beating component recurred when she was returned to the sitting position. A repeat left Dix-Hallpike test always elicited the classic presentation, with no reversal nystagmus noted. The right Dix-Hallpike test was intermittently positive with weak CW nystagmus and occasional down-beating nystagmus.
Side-lying maneuvers with the nose down, which tend to provoke anterior canal BPPV, were also intermittently positive on the right side. The observed nystagmus was torsional and down-beating, and it followed the plane of the right anterior canal. Repositioning for right canal symptoms often provoked mild right posterior canal nystagmus on Dix-Hallpike maneuvers, as previously mentioned. However, the patient seldom reported subjective symptoms. Our impression was that the provoked symptoms on the right side were more subtle than all other symptoms and that they likely did not exceed the patient's baseline threshold for experiencing vertigo.
For the most part, the canalith repositioning maneuvers appeared to clear the positional nystagmus, and the patient typically left the audiology unit without positional symptoms but with an underlying disequilibrium and heavy-headedness. Canalithiasis and cupulolithiasis were entertained as a working diagnosis of the recalcitrant BPPV. However, central positioning nystagmus remained a distant possibility. We communicated this possibility to the neurotologist who was overseeing this case from the medical perspective. Subsequently, a neuro-ophthalmology consult was arranged for evaluation of suspected ocular misalignment and persistent heavy-headedness. The neuro-ophthalmologist could not identify any clinically signifi cant fi ndings that would account for or contribute to the patient's complaints. A mild convergence insuffi ciency involving the right abducens muscle, which was most likely congenital, was reported, but this was not believed to be a contributing factor in the patient's complaints.
The patient was prescribed habituation exercises to perform at home. Specifi cally, she was advised to perform the Semont maneuver for the RALP (right anterior/left posterior) plane, which is defi ned as the plane passing through the right anterior and left posterior semicircular canals. Soon after, the patient began to experience an alleviation of her positional vertigo. Over the next several weeks, she experienced only a few recurrences; those that did occur primarily involved the left posterior canal. These recurrences were managed with canalith repositioning and home-based adaptation exercises. However, the patient's unsteadiness and heavy-headedness persisted. She was very frustrated and admitted to experiencing a low-level depression because of her lack of improvement. We discussed with her several possibilities, including a canal occlusion procedure, performing chemical ablation, continuing the habituation exercises, and obtaining a repeat MRI. She agreed to a return visit to a neurotologist and a repeat MRI.
The MRI detected a 2 × 3-mm right intracanalicular lesion on the superior vestibular nerve, which was reported to be most likely a vestibular schwannoma. The neurotologist recommended no surgical intervention, but instead suggested a repeat MRI in 6 months and continuation of the habituation exercises. In addition, the patient enrolled in a formal vestibular rehabilitation program near her home to maximize her response to adaptation and habituation techniques.
Upon completion of the vestibular rehabilitation program approximately 5 weeks later, the patient returned to the audiology unit for follow-up. She reported only a slight alleviation of her unsteadiness and heavy-headedness, and she had not perceived any additional benefi t from the formal rehabilitation program beyond what she experienced with her home program. We recommended that she continue her current home exercise program.
The follow-up MRI 6 months later showed that the lesion on the superior vestibular nerve had not grown any larger. Surgical intervention was still not recommended, and annual MRI scans were planned. The patient maintained her habituation exercises, and several months later she had not experienced any episodes of positional vertigo. However, she continued to experience the same degree of persistent unsteadiness and heavy-headedness. At 1 year, however, she reported sporadic periods when her positional vertigo would return. These attacks responded to canalith repositioning.
Discussion
The typical case of BPPV manifests as canalithiasis of a posterior semicircular canal, with the previously mentioned six common characteristics described by Dix and Hallpike. 2 BPPV is provoked by the Dix-Hallpike maneuver, and it abates with canalith repositioning. Less common variations of BPPV are (1) cupulolithiasis with more persistent semicircular canal symptoms, (2) canalithiasis or cupulolithiasis of the horizontal or anterior canals, (3) unilateral multicanal canalithiasis or cupulolithiasis, and (4) bilateral multicanal canalithiasis or cupulolithiasis. In the more rare and complex variations (i.e., unilateral and bilateral multicanal BPPV), identifying a correlation between provocative head movements and resulting nystagmus with the location and type of lithiasis can be challenging.
The determining factors in establishing the precise diagnosis are the nature of the patient's symptoms and his or her response to treatment. If observed signs and symptoms can be explained by accepted theories of BPPV pathogenesis and if they disappear following standard treatment, one can reasonably be assured that the underlying condition is indeed BPPV. If not, then other types of transient positional vertigo and nystagmus must be considered in the differential diagnosis.
The case of our patient illustrates the importance of questioning one's diagnostic certainty at various points in the treatment of atypical, complex transient positional vertigo. Our patient's presenting signs and symptoms that were consistent with typical BPPV included transient CCW nystagmus with latency, crescendo, and fatiguing upon provocation with a left Dix-Hallpike maneuver (left posterior canal BPPV); a left head roll that revealed horizontal nystagmus (horizontal canal BPPV); and CW BILATERAL MULTICANAL BENIGN PAROXYSMAL POSITIONAL VERTIGO COEXISTING WITH A VESTIBULAR SCHWANNOMA: CASE REPORT nystagmus with a down-beating component upon a right Dix-Hallpike maneuver (right anterior canal BPPV). So this case was consistent with bilateral multicanal BPPV, likely with canal conversions along the way.
The atypical features in our case included downbeating nystagmus, which can be a sign of anterior canal BPPV or central positioning nystagmus. 7-10 On vestibular testing, several factors distinguish between central and peripheral positional nystagmus (table) . Down-beating nystagmus is historically associated with central nervous system lesions in the lower posterior fossa or cervical medullary junction. 7, 8 Central down-beating nystagmus might be (1) spontaneous, (2) enhanced with lateral gaze or hyperventilation, or (3) positioninduced in some cases. 7, 11, 12 Torsional down-beating or purely down-beating positional nystagmus is also a recognized indicator of anterior canal BPPV during the standard Dix-Hallpike maneuver or when the head is in the midline position and hyperextended off the edge of an examination table. [8] [9] [10] Because anterior canal BPPV is uncommon, it may be confused with central down-beating nystagmus. Anterior canal BPPV can be distinguished from central down-beating nystagmus by a negative neurologic examination, a positive history of BPPV (typically multicanal), down-beating torsional eye movements that correlate with the involved anterior canal, and a nystagmus time course that is consistent with canalithiasis.
The treatment of anterior canal BPPV is typically accomplished with either a standard Epley maneuver 13 or a Semont maneuver. 14 A prolonged forced-position procedure for clearing anterior canal BPPV symptoms has also been described; this procedure requires the patient to remain in a provocative head position for several hours. 15 At the Mayo Clinic Florida, a reversed Epley maneuver is used in the treatment of anterior canal BPPV, which provokes anterior canal symptoms; this often works without the need to hyperextend the neck. 5 In our patient, the down-beating torsional nystagmus appeared to be positionally provoked, and its time course was consistent with that of canalithiasis. It also appeared to follow the RALP plane, correlating it with the right anterior/left posterior semicircular canals. The neurologic examination was negative despite the presence of the vestibular schwannoma. The reversed Epley maneuver was successfully administered for the anterior canal BPPV. Following canalith repositioning, the patient's BPPV resolved; she was asymptomatic for positional vertigo in all provoking BPPV positions. So, despite the unusual presentation, there were several signs consistent with BPPV.
A more troubling atypical feature of this case was the strong reversal nystagmus that was routinely seen on the initial left Dix-Hallpike test. Clinical observations of a brief reversal nystagmus following the provocation of a strong burst of BPPV-induced positional nystagmus have been noted by Barin. 16 The origin of this reversal nystagmus is thought to be neurogenic. However, the reversal nystagmus is less intense than the initial BPPVinduced nystagmus. In our patient, the presence of reversal nystagmus, the persistence of the unsteadiness and heavy-headedness, and the rapid return of positional symptoms undermined our diagnostic certainty and prompted us to reevaluate our working diagnosis. Moreover, the identifi cation of the vestibular schwannoma in the right anterior canal even brought the existence of BPPV into question.
Did we clear our patient's canalithiasis, or did we simply facilitate central adaptation? When we review this case retrospectively, we can see that the return of the positional nystagmus and vertigo within days of repositioning and the occurrence of direction-changing nystagmus in a single head position are explainable by the coexistence of the vestibular schwannoma. Subsequent to our detection of this tumor, canal conversion was attempted, but it was unsuccessful. On the other hand, while conversion was noted in our previous evaluation of the right canal, it was never clearly detected in the left. At 1 year of followup, our patient was experiencing sporadic periods when her positional vertigo recurred; these episodes resolved with canalith repositioning. Prior to that time, she would experience periods of several months in which positional symptoms were absent. So the question arises: Did she have BPPV or ganglionitis?
Vestibular symptoms have been reported to exist in approximately half of all vestibular schwannoma patients. 17 The size of the tumor has not been found to be correlated with symptoms, although patients' performances during neurotologic testing were shown to decrease as their tumor size increased. 17 The results of some studies have suggested that disturbances in pursuit eye move- ments and gaze nystagmus are early signs of vestibular schwannoma affecting structures in the posterior fossa. The frequency of these signs increases with increasing tumor size, 18 especially in patients whose tumor is larger than 20 mm in diameter. 19, 20 In a study by Hulshof et al, 23 of 48 patients (48%) with a vestibular schwannoma also had positional nystagmus; 14 of these patients had direction-changing nystagmus, and the other 9 had direction-fi xed nystagmus. 21 However, none of these patients was found to have BPPV. Our patient had a 2 × 3-mm right intracanalicular tumor. The 10-year duration of her persistent unsteadiness and heavy-headedness despite rehabilitation exercises can be attributed to this central lesion. However, an MRI obtained 4 years into that period failed to identify any abnormality. Our patient's attacks of vertigo, which we attributed to BPPV, subsided after we administered canalith repositioning maneuvers, and we feel that this confi rmed our diagnosis of BPPV. Blood pressure abnormalities in patients with vestibular symptoms have long been noted. Ohashi et al studied 1,291 patients with such symptoms and found that hypertension, hypotension, or orthostatic hypotension was present in 241 (18.67%). 22 In that series, hypotension was signifi cantly more common in patients with peripheral vestibular disorders, and hypertension was more common in those with central nervous system disorders. We did not notice any blood pressure abnormality in our patient.
The coexistence of BPPV and vestibular schwannoma is a rather rare entity. In a retrospective review of 781 patients who had undergone vestibular testing, Hughes and Proctor found that only 3 patients had both vestibular schwannoma and positional nystagmus without BPPV (pseudo-BPPV), and only 1 patient had vestibular schwannoma and true BPPV. 23 Kveton and Kashgarian reported that particulate matter was found in 9 of 10 patients who had undergone posterior canal fenestration at the time of vestibular schwannoma surgery, but only 1 of these 9 patients had symptoms of BPPV. 24 They suggested that this might be a physiologic fi nding rather than pathologic, since the vast majority of their patients (8 of 9) with existent particulate matter did not have BPPV symptoms. In contrast, Welling et al found particulate matter within the posterior semicircular canal in only 8 of 26 patients (31%) who had undergone a canal occlusion procedure. 25 This lower incidence was attributed to either the presence of a small fenestra that did not allow them to see the entire canal or a possible relocation or dissolution of the particulates in the surrounding endolymph preoperatively.
An important aspect of our case is that the patient reported two different types of dizziness. She experienced symptoms consistent with transient positional vertigo, and she also experienced persistent unsteadiness and heavy-headedness. While the unsteadiness and heavyheadedness might be explained by residual utricular involvement, such symptoms typically diminish over time in patients with BPPV. But these symptoms never diminished over time in our patient. The persistence of these symptoms, combined with her down-beating nystagmus and direction-changing nystagmus in a single head position, prompted us to reevaluate her condition, and this ultimately led us to the detection of the superior vestibular nerve schwannoma. Any of these symptoms, in isolation or in combination, would have been explainable in complex bilateral multicanal BPPV if they had completely responded to canalith repositioning. The fact that these symptoms were refractory led to our reevaluation.
BPPV is by far the most common type of transient positional vertigo. Its benign course and responsiveness to nonmedical treatment may encourage less rigorous evaluation and treatment efforts, such as canalith repositioning efforts performed by untrained personnel, self-treatment, or even watchful waiting. Our patient had been evaluated elsewhere and had been instructed in self-performed repositioning maneuvers without any follow-up. Had we continued with the same strategy, her condition would not have improved. Therefore, even a benign condition like BPPV requires formal follow-up and outcome measurements.
Our case also raises the issue of when repositioning efforts should be ceased in cases of refractory BPPV. If three or four canalith repositioning attempts should fail, reconsulting with otolaryngology and/or neurology may increase the chance of detecting a missed central lesion, as occurred in our case. On the other hand, repeated canalith repositioning attempts should be continued because they still have a chance of succeeding, as occurred in this case.
Our patient had a rarely encountered case of coexisting bilateral multicanal BPPV and vestibular schwannoma presenting with perplexing vestibular fi ndings. This case reminds us of the importance of differentiating between the signs and symptoms of (1) central and peripheral vestibular disorders and (2) central and anterior canal BPPV-induced down-beating nystagmus. The case should also remind us that a patient might have more than one condition that accounts for his or her presenting symptoms, and it reconfi rms the importance of careful outcome assessment during follow-up.
